In this paper, a direct analytical method is presented for calculating the absolute efficiency of an elliptical cylindrical detector in the case of an arbitrarily positioned (above the major axis a) point source. The absolute efficiency is required to determine the activity of an unknown radioactive source, taking into account the attenuation of the gamma-ray photons. The validity of the derived analytical expressions was successfully confirmed by the comparison with some published data.
Introduction
One of the most important parameters in the calculation of the gamma activity of environmental radioactive sources with respect to emitted gamma energy is the detection efficiency which is usually determined using calibrated standard sources [1] . Several authors [2] [3] [4] [5] [6] [7] [8] have been treated the issue concerning with the absolute efficiencies determination and have given some useful solutions to this problem. Recently, Selim and Abbas [9] [10] [11] [12] [13] [14] [15] calculated the total and full-energy peak efficiencies for any source-detector configuration using spherical coordinates system.
In the present work, a new and a simple theoretical approach is introduced for analytical formula to calculate absolute efficiency of an elliptical cylindrical detector in the case of an arbitrarily positioned (above the major axis a) point source. The present method combines the calculation of the average path length covered by photon inside the detector active volume and the solid angle. Several different cases were determined, depending on the particle range, radius of the detector and the position of the source with respect to the detector. In the present work, these cases were analyzed separately and different expressions for calculating the hit probability were obtained for each of them at an arbitrarily positioned (above the major axis a) radiating point source.
Mathematical viewpoint
The total efficiency of a gamma-ray detector, , using an arbitrarily positioned isotropic radiating point source is defined as = ×
where is the geometric efficiency which is represented by equation
and  is the solid angle subtended by the detector at an arbitrarily positioned radiating point source represented by equation
where is the intrinsic efficiency which is represented by equation
where µ is the attenuation coefficient and ̅ is the average path length traveled by a photon through the detector and is given by
where and are the polar and the azimuthal angles, respectively. ( , ) is the possible path length traveled by the photon within the detector active. For each photon emitted from the point source, the probability of striking the point where the photon actually enters the detector active volume must be known to calculate ̅ and consequently the detection efficiency. The factor determining the photon attenuation by the source container and the detector and cap materials, , is expressed as = − ∑
where µi is the attenuation coefficient of the ith absorber for a gamma-ray photon with energy E and i is the gamma-ray photon path length through the ith absorber. The work described below involves the use of straightforward analytical formulae for the computation of the total efficiency subtended by an elliptical cylindrical detector at an arbitrarily positioned radiating point source.
The case of an isotropic radiating point source S (0, 0, h)
Consider an elliptical cylindrical (a, b, L) detector and an arbitrarily positioned isotropic point source located at a distance h from the center of the detector top surface, as shown in Fig. 1 . The efficiency of the detector with respect to an arbitrarily positioned radiating point source is given by as follows
where 1 ( ) is the photon path length traveled through the detector active volume, it enters from the upper face and emerge from its base, which is represented by:
while, 2 ( ) is the photon path length traveled through the detector active volume, it enters from the upper face and emerge from its side, which is represented by:
where the polars 1 ( ) and 2 ( ) and the azimuthal angles are given by respectively:
where, h is the height from top surface of an elliptical cylindrical detector to an arbitrarily positioned radiating point source S (0, 0, h) and 1 ( ) is the distance on the polar form relative to center of an ellipse, which describes a general distance from the center to the circumference of an ellipse by rotating the major axis angle ( ) and with semi-diameters of major and minor axis a and b respectively of an ellipse. The form of 1 ( ) is given by:
The geometrical notations of a, b and h are as shown in Fig. 1 . By combining Eqs. (7) (8) (9) (10) (11) (12) (13) , results in direct mathematical expression for the total efficiency subtended by an elliptical cylindrical detector, from an isotropic radiating central point source S (0, 0, h). 
Consider an elliptical cylindrical (a, b, L) detector and an arbitrarily positioned isotropic point source located at a distance h from the center of the detector top surface, as shown in Fig. 2 . The efficiency of the detector with respect to a point source is given as follows
where 3 ( ) is the photon path length traveled through the detector active volume, it enters from the upper face and emerge from its base, which is represented by:
while 4 ( ) is the photon path length traveled through the detector active volume, it enters from the upper face and emerge from its side, which is represented by:
where the polars 3 ( ) and 4 ( ) and the azimuthal angles are given by respectivly: 
The geometrical notations of a, b and h are as shown in Fig. 2 . By combining Eqs. (14) (15) (16) (17) (18) (19) (20) , results in direct mathematical expression for the total efficiency subtended by an elliptical cylindrical detector, from an arbitrarily positioned radiating point source S (p, 0, h).
Consider an elliptical cylindrical (a, b, L) detector and an arbitrarily positioned isotropic point source located at a distance h from the center of the detector top surface, as shown in Fig. (3) . The efficiency of the detector with respect to a point source is given by as follows
where, 5 ( ) is the photon path length traveled through the detector active volume, it enters from the upper face and emerge from its base, which is represented by:
while, 6 ( ) is the photon path length traveled through the detector active volume, it enters from the upper face and emerge from its side, which is represented by:
where the polars 5 ( ) and 6 ( ) and the azimuthal angles are given by respectivly:
0 ≤ ≤ 2 (26) where, h is the height from top surface of an elliptical cylindrical detector to an arbitrarily positioned radiating point source S (p, 0, h) and 3 ( ) is the equation on the polar form relative to center of an ellipse, which describes a general distance from the center to the circumference of an ellipse by rotating the major axis angle ( ) and with semi diameters of major and minor axis a and b respectively of an ellipse. The form of 3 ( ) is given by: Fig. (4) . The efficiency of the detector with respect to a point source is given by as follows
where 7 ( ) is the photon path length traveled through the detector active volume, it enters from its side and emerge from its base, which is represented by:
where 8 ( ) is the photon path length traveled through the detector active volume, it enters from its the upper face and emerge from its base, which is represented by:
) while, 9 ( ) is the photon path length traveled through the detector active volume, it enters from the upper face and emerge from its side, which is represented by:
where the polars 7 ( ), 8 ( ), 9 ( ) and 10 ( ) and the azimuthal angles are given by respectively.
and 0    max with
where h is the height from top surface of an elliptical cylindrical detector to an arbitrarily positioned radiating point source S (p, 0, h) and 
(37)
.
The geometrical notations of a, b and h are as shown in Fig. 4 . By combining Eqs. (28-36), results in direct mathematical expression for the total efficiency subtended by an elliptical cylindrical detector, from an arbitrarily positioned radiating point source S (p, 0, h).
ii. High source at height < ( ) ( ( )+ ( ))( − ( ))
Consider an elliptical cylindrical (a, b, L) detector and an arbitrarily positioned radiating point source located at a distance h from the center of the detector top surface, as shown in Fig. (5) . The efficiency of the detector with respect to point source is given by as follows 
where 7 ( ) is the photon path length traveled through the detector active volume, it enters from its side and emerge from its base, which is represented by: 
( )
( ) while, 9 ( ) is the photon path length traveled through the detector active volume, it enters from the upper face and emerge from its side, which is represented by:
while, 10 ( ) is the photon path length traveled through the detector active volume, it enters from the one and emerge from its opposite side, which is represented by:
where the polars 7 ( ), 8 ( ), 9 ( ) and 10 ( ) and the azimuthal angles are given by respectively: 
The geometrical notations of a, b and h are as shown in Fig. 5 . By combining Eqs. (39-49), results in direct mathematical expression for the total efficiency subtended by an elliptical cylindrical detector, from an arbitrarily positioned radiating point source S (p, 0, h).
Results
The total efficiency obtained for an energy range of 0.1 MeV to 10 MeV, the analytical formulae which derived for total efficiency shows a combination of the average path length covered by photon inside the detector active volume and the solid angle calculations. The total efficiencies for an elliptical NaI(Tl) cylindrical detector have been calculated and listed in Tables (1-5) relative to a several positions of an arbitrarily positioned radiating point source. Table 6 shows a systematic behavior, as move an arbitrarily positioned radiating point source at a radial distance for a fixed height, which shows the validity of equations. Also the validity of the derived analytical expressions was successfully confirmed by the comparison with some published data.
Fig.5. Schematic view of an arbitrarily positioned radiating point source S (p, 0, h) located above the major axis of an elliptical cylindrical detector with p>a, at a height h < ( ) ( ( )+ ( ))( − ( ))
).
Fig. 4. Schematic view of an arbitrarily positioned radiating point source S (p, 0, h) located above the major axis of an elliptical cylindrical detector at a radial distance p>a, at a height h > ( ) ( ( )+ ( ))( − ( ))
). 
Conclusions
Direct mathematical expressions to calculate total efficiency of an elliptical cylindrical NaI(Tl) detector have been derived in the case of an arbitrarily positioned radiating point source. This work gives a new step-up in the -ray spectroscopy, where it calculates the total efficiency for absolute  source with an elliptical cylindrical detector. Table 1 . The measured values of total efficiency for an arbitrarily positioned radiating point source S ( ρ, 0, h) which is located at radial distances ( ρ = 0 cm) and at heights (h = 1 cm, 5 cm and 10 cm) above the center of an elliptical cylindrical detector. 
